Introduction 29
Carbon supported platinum (Pt/C) as a common type of electrocatalyst has been widely used in 30 direct methanol fuel cell (DMFC) applications with Pt loading on carbon normally in a range of 20% -31 40%, which is prohibitively expensive. Furthermore, the Pt/C electrocatalysts can contain large-size 32
Pt particles that may decrease the electrocatalytic activity. Previous study by Min et al. [1] revealed 33 the increase of specific activities with the decrease of the surface area for carbon supported Pt 34 electrocatalyst, in which the oxygen reduction on Pt surface was a structure-sensitive reaction 35 associated with the adsorption strength of oxygen intermediate on the Pt surface. Hence, 36 considerable research efforts have been made in the past decades by developing a highly dispersed 37 nanostructured Pt electrocatalyst to improve fuel cell efficiency and economic viability for energy 38 applications. 39
Zeolite can provide an environment to produce highly dispersed Pt metal particle, owing to its high 40 selectivity and great capacity of absorbing and retaining water by the creation of zeolite proton 41 conducting membranes for solution like ionic conduction through interconnecting channels without 42 damaging the zeolite crystalline lattice structure [2] [3] [4] . The growth of Pt particle on zeolite is mainly 43 controlled by O 2 calcination step in gas phase and high dispersion of Pt can be achieved by further H 2 44 reduction step [5] . A slow heating process at a high O 2 flowrate would be preferable to avoid Pt non-45 uniform distribution on zeolite introduced by auto-reduction [6] that may produce large Pt metal 46 particles during the removal of ammonia ligands at 300 o C [7] [8] [9] . Pt is also found favourable to 47 remain in the zeolite supercage at 350 o C in O 2 and 400 o C in H 2 , respectively, resulting in a particle 48 size of 0.6 -1.3 nm, which is much smaller than that of graphene based materials with Pt particle 49 size growing up to 1.5 -19 nm [10] . 50 Pt was more stable at zeolite sodalite cage, mainly due to its strong polarization nature of the Pt- might result in the electron deficiency of Pt, leading to the change of Pt catalytic activity and 55 spectroscopic properties [12, 13] . Moreover, the charge transfer between Pt and nearby 56 neighbouring zeolite support oxygen atoms can play an important role during this process [14, 15] . 57
The disorder of Pt particle on zeolite framework has had a dramatic effect on the Pt electronic 58 structure by the extended X-ray adsorption fine structure (EXAFS) [16, 17] . The Pt-Pt bond distance 59 was shortened to less than 2.75 Å than that of Pt bulk metal in the presence of strong charger 60 transfer between Pt clusters with the increase of the Pt-Pt binding energy due to Pt hydrogen reduction (HR) regions associated with the hydrogen adsorption peak (peak 'A'), hydrogen 209 evaluation peak (peak 'B'), the re-oxidation peak (peak 'C') and desorption peak (peak 'D'), 210 respectively. 211
A double layer (DL) current was measured at a potential range of -0.22 V to -0.40 V and -0.5 V to -212 0.33 V, during both cathodic and anodic sweeps. The current change in the hydride region provided 213 by the electrode 15Ptanxcr4 has seen significantly larger in terms of magnitude, with a well-resolved 214 hydrogen oxidation peak captured at -0.64 V. The electrode 15Ptancr4 predicted a hydrogen 215 adsorption peak being further shifted towards a positive potential direction at -0.58 V, compared to -216 0.62 V and -0.61 V determined by those of 5Ptancr4 and 5Ptanxcr4, respectively. This indicated that 217 the energy level of hydrogen adsorption on Pt active sites for the electrode 15Ptanxcr4 was 218 relatively high. No visible feature of hydrogen desorption peak 'D' was observed by the electrode 219 15Ptancr4, possibly due to very similar energy levels of these two sites, leading to insignificant 220 oxidation and reduction redox surface group presence. The increase of hydrogen oxidation peak 221 current was found to follow the order of samples as 15Ptanxcr4 -> 5Ptanxcr4 -> 5Ptancr4 -> 222
15Ptancr4. There was a weak hydrogen desorption peak captured in the anodic sweep by the 223 electrodes 5Ptanxcr4 and 5Ptancr4, consistent to that shown by the electrode 15Ptanxcr4. 224
The presence of electron transfer at the electrode and solution interface was evidenced by the 225 hydrogen adsorption, evolution and desorption peaks in hydride region. 
Electrochemical oxidation of small organic species 367
The oxidation behaviour of Pt/Y zeolite catalysts was determined by examining the electrooxidation 368 of small organic species, i.e. CH 3 OH and HCOOH, as Pt is considered to be the most suitable catalyst 369 for electrooxidation of these small organic molecules [22, 37] . The accompanied by-product of 370 carbon monoxide (CO) to poison Pt surface is examined by CV measurement in a mixture solution of 371 2.5 mol dm -3 sulphuric acid (H 2 SO 4 ) and 1 mol dm -3 of CH 3 OH or HCOOH acid. The potential was 372 cycled between -0.65 V and 0.5 V at a scan rate of 1 mV s -1 , until a clear and stable CV being 373 obtained. The tendency of CV measurement for CH 3 OH or HCOOH oxidation is generally in good 374 agreement with that described in literatures [38] [39] [40] . 375 Figure 5 displays the CV curves of HCOOH and CH 3 OH oxidation on 1.5 wt% and 5 wt% Pt loading 376 zeolite electrocatalysts, presenting a typical current change profile characteristics, which are found 377 consistent to those provided by a commercial Pt/C electrocatalyst (i.e. Johnson Matthey) with a 378 particle size of 2.5 nm [38] . The HCOOH oxidation starts at a much negative potential region 379 immediately after hydrogen desorption (see, e.g. figure 5a ), compared to that determined in CH 3 OH 380 (see, e.g. figure 5b ), indicating Pt surface is more favourable for HCOOH oxidation than that of 381 CH 3 OH. In general, the electrode made by sample 5Ptanxcr4 has shown a better performance to 382 oxidise HCOOH and CH 3 OH species. This was evidenced by a dramatic increase of 383 oxidation/reduction current in both the cathodic and anodic sweeps, indicating that most of Pt 384 active surface areas are free from CO occupation and thus available for electrochemical re-oxidation 385 of HCOOH or CH 3 OH [38, 39] . A more consistent CH 3 OH oxidation/reduction current change was 386 predicted by the electrodes of 15Ptancr4 or 15Ptanxcr4 and 5Ptancr4, respectively, whilst a small 387 discrepancy of current change was determined by an oxidation of HCOOH. Their electrochemical 388 activity follows a decreasing order of 5Ptanxcr4>5Ptancr4 > 15Ptanxcr4 > 15Ptancr5, respectively. 389
The high electrocatalytic activity given by sample 5Ptanxcr4 may be associated with as evidenced by a high current yield between -0.3 V and 0.5 V (see, e.g. figure 5a ). 
Estimation of Pt particle size and Pt distribution 435
The Pt particle size and its geometry were estimated by using the mean value of the first nearest 436 neighbouring coordination number of Pt atoms as a function of Pt cluster edge length [34] . 437
The ex-situ EXAFS measurement data was adopted to estimate the Pt particle, as seen in tables 2 438 and 3. This is mainly attributed by the following reasons: (1) the low goodness fitting value 439 determined by the ex-situ data fitting, compared to those using in-situ EXAFS data; (2) Pt particles 440
were fully reduced on zeolite in H 2 gas, along with well-preserved zeolite structure (i. The actual Pt loading was calculated using an edge jump from EXAFS subtraction [29] . 465 The surface area of Pt particle was determined via hydrogen adsorption and desorption peaks 466 captured by cyclic voltammetry measurement in H 2 SO 4 solution. 
